T HE USE OF LOWER DOSES OF ES-
trogens for hormone replacement therapy (HRT; estrogen in combination with a progestin) in postmenopausal women has been proposed to enhance the initiation and long-term continuation of HRT. 1, 2 Long-term continuation is especially important for preventing the loss of bone mineral density (BMD), 1 a factor cited by a large percentage of patients as influencing their decision making regarding HRT. 3 A small number of low-dose estrogen formulations have been approved in the United States for preventing menopausal symptoms or osteoporosis: oral conjugated equine estrogens (CEEs) or esterified estrogens at 0.3 mg/d; oral micronized estradiol at 0.5 mg/d; and transdermal 17␤-estradiol at 0.025 mg/d. Genant et al 4 demonstrated that esterified estrogens at 0.3 mg/d for 24 months, combined with a calcium supplement, increased BMD compared with baseline and placebo. However, the Continuous Hormones as Replacement Therapy (CHART) Study 5 found that doses of ethinyl estradiol (Ͻ5 µg/d) and continuous norethindrone acetate (1 mg/d) combined with calcium supplementation did not significantly increase BMD from baseline after 2 years. A small randomized trial 6 in older (Ͼ65 years of age) postmenopausal women with low BMD found BMD increases with CEEs (0.3 mg/d) and continuous medroxyprogesterone acetate (MPA) (2.5 mg/d) throughout a 3.5-year period when combined with 25-hydroxyvitamin D and adequate calcium intake. Using this same HRT formulation combined only with calcium supplements, Gambacciani et al 7 recently reported greater BMD gains in women who received the combination than in women who received calcium alone.
In a number of clinical trials using commonly prescribed doses, estrogen replacement therapy (ERT) or HRT has been shown to reduce the incidence of vertebral and nonvertebral fractures, in large part by reversing the loss of BMD. [8] [9] [10] Commonly prescribed doses of CEEs (0.625 mg/d) have been shown to maintain or increase BMD in postmenopausal women [11] [12] [13] [14] [15] [16] ; however, the dose-response relationship for the maintenance of BMD with CEEs is not well understood. Only 2 small studies published in the early 1980s systematically evaluated the effects of CEEs on bone across different doses. Both of these studies suggested that CEE doses less than 0.625 mg/d were not completely effective in reducing bone loss. 11, 12 However, these studies were conducted in women, many of whom had undergone surgical menopause, and one study used technologies to assess changes in bone that are not commonly used today. In addition, neither study evaluated the effects of CEEs on hip BMD, the most important site for osteoporosis-related fractures. 17 In the United States, postmenopausal women who have an intact uterus and are given CEEs also receive the progestin MPA for endometrial protection. The bone-preserving effect of 0.625 mg of CEEs combined continuously with 2.5 mg of MPA has been established 14, 16 ; however, in these studies MPA did not induce an added benefit compared with CEEs alone. The addition of MPA (10 mg/d) to 0.3 mg of CEEs resulted in preservation of bone density in the spine that was similar to that seen with 0.625 mg of CEEs alone, 13 suggesting that MPA may produce an added benefit when combined with lower CEE doses. A doseresponse relationship for the impact of CEEs-MPA on BMD has not been investigated.
The purpose of this substudy was to evaluate the efficacy of lower doses of CEEs alone and CEEs-MPA on bone mass and biochemical markers of bone turnover in the large, multicenter, placebo-controlled randomized Women's Health, Osteoporosis, Progestin, Estrogen (Women's HOPE) trial. In addition, the use of multiple doses of CEEs alone and CEEs-MPA allowed us to revisit the dose-response relationship between CEEs and BMD changes by using current technologies, as well as to evaluate the dose-response relationship between CEEs-MPA and BMD.
METHODS

Participants
Healthy postmenopausal women aged 40 to 65 years were recruited for the 2-year substudy of the Women's HOPE trial that was conducted between August 1995 and October 2000. Women were eligible if they had an intact uterus, no menses within the last year, folliclestimulating hormone levels of at least 30 mIU/mL, 17␤-estradiol levels of no more than 50 pg/mL (184 pmol/L), were within 4 years of their last menses, and were within 20% of their normal weight range. Exclusion criteria included any disorders that affect bone metabolism, clinically important degenerative changes in the lumbar spine that may interfere with dual-energy x-ray absorptiometry (DXA) (eg, spinal fusion), significant scoliosis according to DXA, at least 2 abnormal lumbar vertebrae from L1 to L4, and lumbar spine baseline BMD measurement more than 3 SDs below the mean for healthy young women. In addition, women were excluded if they smoked more than 15 cigarettes daily, had taken calcitonin within the past 6 months, and had ever used bisphosphonates or fluoride for more than 1 year or used fluoride within the past year. The use of medication containing estrogens, progestins, or androgens within 12 weeks of the prestudy screening, a known hypersensitivity to estrogens or progestins, the documentation of endometrial hyperplasia, or an abnormal Papanicolaou test result also resulted in exclusion from the study.
Complete details of the 2-year Women's HOPE trial, including substudy sites 18 and the first-year lipid data from this substudy, 19 have been reported. The institutional review board at each of the 19 substudy sites approved all procedures, and each subject provided written informed consent before enrollment.
Study Design
Following screening, 822 women were FIGURE 1) . A computergenerated randomization table was used for assignment to the treatment groups. The randomization table used for treatment group assignment was produced with an SAS-based computerized randomization program (PROC PLAN, version 6; SAS Institute, Cary, NC). The randomization was done in blocks of 16. Each block contained 2 randomization numbers for each of the 8 treatment groups. Randomization numbers were issued to the investigational sites in blocks of 16. Because the CEEs and the CEEs-MPA tablets were different sizes, 2 placebos were necessary to mask the treatments; therefore, a double-dummy (ie, dual-placebo) double-blind design was used. Subjects were instructed to take 1 tablet of CEEs or matching placebo and 1 tablet of CEEs-MPA or matching placebo. Participants also received 1 calcium carbonate supplement daily (600 mg of elemental calcium per tablet [Caltrate; Whitehall-Robins, Madison, NJ]). All tablets were taken orally once daily The disposition of the patients enrolled in the 2-year Women's Health, Osteoporosis, Progestin, Estrogen trial substudy are shown for all groups in both modified intention-to-treat and efficacy-evaluable populations.
at approximately the same time each day. Treatment compliance was assessed by monitoring daily diary cards.
Measurements
Bone Mineral Density and Bone Mineral Content. Bone mineral density of the anteroposterior lumbar spine (L2 to L4) and total hip as well as total body bone mineral content (BMC) were assessed by DXA with DPX-L scanners (Lunar Corp, Madison, Wis). Baseline measurements were obtained on 2 occasions no more than 3 weeks apart. If the 2 prestudy scan values differed by more than 5%, a third pretreatment scan was performed before randomization. The findings of the 3 scans were compared; the 2 scans closest to the mean of the 3 and within 5% of each other were recorded. Following randomization, BMD and BMC were assessed every 6 months for 2 years, with replicate measurements made at the final visit. Scans were centrally analyzed and reviewed at the Bone Quality Control Center (Helen Hayes Hospital, West Haverstraw, NY). Quality-control procedures included crosscalibration with the European Spine Phantom (QRM, Moehrendorf, Germany) and longitudinal tracking of scanner performance with the Lunar Spine Phantom (Lunar Corp, Madison, Wis). If annualized bone loss was more than 7.5% from baseline for spine BMD, the patient was given the option to withdraw. Two women in the placebo group withdrew for this reason.
Biochemical Markers of Bone Turnover. After an overnight fast, blood for the determination of serum osteocalcin, a marker of bone formation, and urine (second void) for the determination of cross-linked N-telopeptides of type I collagen, a marker of bone resorption, were collected at individual clinical sites during the prestudy screening and at each 6-month visit. Analyses were performed by the Core Laboratory for Clinical Studies of Washington University (St Louis, Mo).
The concentration of intact osteocalcin and N-telopeptides of type I collagen was determined with commercially available, enzyme-linked immunosorbent assay (ELISA) kits. All samples from a given patient were assayed on the same ELISA plate. The intra-assay coefficient of variation was less than 6% for osteocalcin and less than 9.5% for N-telopeptides of type I collagen. Urinary creatinine concentration was measured using a commercially available kit on a Hitachi 917 analyzer (Roche Diagnostics, Indianapolis, Ind). The intra-assay coefficient of variation was less than 3%.
Statistical Analyses
All women who were randomized to treatment, recorded taking at least 1 dose of the study drug, and received at least 1 BMD measurement postbaseline were included in the modified intentionto-treat (MITT) analyses. The lastobservation-carried-forward procedure was used for women who did not complete the study. Thus, if a subject discontinued participation, the data from her last measured response were carried forward to all subsequent scheduled observations and included in the analysis. This procedure prevented the bias that would have resulted from subjective decisions about missing data. We also analyzed the BMD and BMC data in an efficacy-evaluable population to determine the true effect of CEEs or CEEs-MPA on women who complied with the study protocol. For this study, the efficacy-evaluable population included women who had at least 1 prestudy BMD measurement and at least 2 measurements during the study with no more than 1 of these being at the termination visit(s), had reported taking 80% of their study medication, and were not using unacceptable concomitant medications. For women in the efficacyevaluable population who met the criteria but discontinued the study before its conclusion, the last-observationcarried-forward procedure was also used.
Baseline characteristics were compared between groups by using a 1-way analysis of variance procedure; a 2 analysis was used for categorical variables (SAS, version 6.12; SAS Institute, Cary, NC). The changes in percentage from baseline for spine and hip BMD and total body BMC were analyzed by analysis of covariance, with time since menopause, body weight, and baseline bone mass included as covariates. Median changes in percentage from baseline were analyzed for urinary N-telopeptides of type I collagen and serum osteocalcin by using nonparametric methods (signed rank test). Both treatment and investigational site were included as factors in the analyses. The least significant difference procedure was used for pairwise comparisons. Product moment correlation coefficients were calculated to assess the relationship between changes in BMD and BMC measures and the relationship between changes in biochemical markers and changes in BMD or BMC. Statistical significance was set a priori at PϽ.05. Data are presented as mean (SEM) unless otherwise noted.
RESULTS
Subjects
The disposition of the subjects enrolled in the 2-year substudy is shown in Figure 1 . Of the 822 women randomized to treatment, 48 were excluded because of a study site violation and 25 never received treatment. In addition, 54 women either did not record taking 1 dose of the study drug or did not meet the criteria for BMD assessment established for the MITT population. The TABLE presents the baseline characteristics of the 695 subjects in the MITT population; there were no differences among groups. Eighty-five patients in the MITT population did not meet the criteria for inclusion in the efficacy-evaluable population; thus, 610 were included in the efficacy-evaluable population. The baseline characteristics for the efficacyevaluable population were similar (data not shown).
Measures of BMD and BMC
The MITT and efficacy-evaluable data for all BMD sites and BMC are reported. The significant differences noted between the active treatment group and the placebo group for these measures were also observed in all patients who ESTROGEN DOSE AND BONE DENSITY ©2002 American Medical Association. All rights reserved. were randomized to treatment, including those who dropped out before having any BMD data beyond the baseline visit (pure ITT analysis). Because the MITT and efficacy-evaluable analyses were the primary analyses in the protocol for this trial, only these results are presented.
For both populations, adjusted mean changes in percentage from baseline in spine BMD for the CEEs alone and the CEEs-MPA groups over time are displayed in FIGURE 2. By the 24-month visit, women assigned to all of the active treatment groups had significant gains (PϽ.001) in spine BMD. In contrast, women in the placebo group had a significant loss of spine BMD (PϽ.001). At all time points, the gains from baseline for all active treatment groups were significantly different (PϽ.001) from the loss observed in the placebo group.
When the changes from baseline in spine BMD were compared among the 3 groups treated with CEEs alone for the MITT Figure 2) ; however, these values were not significantly different.
The changes from baseline in total hip BMD over time are presented in FIGURE 3 for years 1 and 2 for both the MITT and efficacy-evaluable populations. Significant increases from baseline (PϽ.05) were observed for all active treatment groups at all time points.
At 24 months, the gains in hip BMD from baseline for all active treatment groups were significantly greater than for placebo (PϽ.001). At 18 months, the placebo group lost hip BMD (P=.02 for MITT and P = .01 for efficacyevaluable population); however, the loss in hip BMD at 24 months was not statistically different from baseline (P=.06) for the MITT population. There were no significant differences between CEEs in combination with MPA and the comparable dose of CEEs alone at 24 months, nor were there differences in the gains in hip BMD among any of the groups taking CEEs only.
The gains in total body BMC at 2 years for the MITT population were significant (P≤.001) for all of the active treatment groups, except those taking CEEs at 0. dition of MPA to CEEs did not significantly influence the total body BMC response, nor was there a significant doseresponse effect for CEEs alone.
Biochemical Markers of Bone Turnover
The median values for change in percentage from baseline in the MITT population are shown for N-telopeptides of type I collagen (FIGURE 4A) and osteocalcin ( Figure 4B In contrast to the active treatment groups, the placebo group showed no changes for either biochemical marker of bone turnover. The decline in Ntelopeptides of type I collagen and osteocalcin occurred primarily within the first 6 months of treatment, with relatively little additional change thereafter for all CEEs-only and CEEs-MPA doses.
Adverse Events
During the 2-year study, treatmentemergent adverse events were reported by 93% of subjects in the placebo group and 96% of those in the active treatment groups. The incidence of adverse events that were reported by at least 5% of patients in any one group and that were significantly different in the active treatment groups compared with placebo is summarized below.
Endometrial hyperplasia, metrorrhagia, and vaginal bleeding were reported more frequently in the CEEsonly treatment groups compared with placebo (PϽ.05). The incidence of breast pain and vaginal bleeding was higher (PϽ.05) in the CEEs-MPA treatment groups vs placebo. In contrast, vaginal dryness was significantly greater (PϽ.05) in the placebo group compared with that in either the CEEsonly or CEEs-MPA group. A dose relationship (PϽ.05) was seen in the incidence of endometrial hyperplasia and vaginal bleeding in the CEEs-only groups, with the highest incidence observed in the group taking CEEs at 0.625 mg/d. The incidence of breast pain in the CEEs-MPA groups also followed a dose relationship (PϽ.05), with A dose-response effect for CEEs (0.625 mg/d was greater than 0.3 mg/d) was observed for changes in spine BMD but not the other BMD measures, which is not surprising, because the spine is more metabolically active than the hip. Genant et al 12 reported a 7-fold higher loss of vertebral cancellous bone than peripheral compact cortical bone in postmenopausal women after surgical menopause.
In the present study, the impact of MPA on CEEs was significant only for the increase in spine BMD and only for the 0.625-mg dose of CEEs. Similar findings were noted by Grey et al 15 pausal Estrogen/Progestin Interventions (PEPI) trial, 14 the initial analysis showed a significantly higher increase in CEEs with continuous MPA in spinal BMD; however, no significant differences were found in BMD changes among the active treatments in adherent participants. At the lower CEE doses in the present study, neither dose of MPA resulted in gains in BMD or BMC that were significantly greater than those observed with CEEs alone. Gallagher and colleagues 13 noted that MPA combined with CEEs (0.3 mg/d) for 2 years preserved spine BMD like CEEs only at 0.6 mg/d. However, in that study, 10 mg of MPA was used.
The time-course changes in BMD that we observed with CEEs only at 0.625 mg/d or combined continuously with MPA at 2.5 mg/d are also consistent with those reported for all participants in the PEPI trial.
14 However, a direct comparison of the final change in BMD is impossible because our study was completed after 2 years, whereas the PEPI trial took 3 years to complete.
The relationship between BMD, fracture, and HRT has been reported in clinical trials using commonly prescribed doses. [8] [9] [10] Although a fracture study in early postmenopausal women is impractical, further investigation is necessary to see whether the effects of lower doses of CEEs-MPA would result in a reduction of fractures in older postmenopausal women.
The importance of ERT and HRT for preserving bone mass is evidenced by the response of the placebo group. Women in this group lost significant amounts of BMD at all sites compared with baseline. The lack of change in bone turnover markers in the placebo group suggests that women in this study were likely to have received adequate calcium. Our findings support those of Dawson-Hughes et al, 22 who noted that supplementation with calcium alone (500 mg/d) did not prevent the loss of BMD in early postmenopausal women. However, bone loss was less rapid in women who had been postmenopausal at least 6 years and whose usual dietary calcium intake was less than 400 mg/d. In summary, lower doses of CEEs or CEEs-MPA effectively reduce bone loss in early postmenopausal women. This substudy was part of the Women's HOPE study, a larger trial that demonstrated the beneficial effects of lowdose CEEs-MPA regimens on vasomotor symptoms and vaginal atrophy, 18 lipid profiles, 19 bleeding profiles, 23 and endometrial hyperplasia. 24 In addition, using lower doses of both estrogens and progestins makes clinical sense and may enhance compliance with and initiation of therapy by enhancing the benefit-risk ratio. 
